Abstract Plant species distributions are expected to shift and diversity is expected to decline as a result of global climate change, particularly in the Arctic where climate warming is amplified. We have recorded the changes in richness and abundance of vascular plants at Abisko, subArctic Sweden, by re-sampling five studies consisting of seven datasets; one in the mountain birch forest and six at open sites. The oldest study was initiated in 1977-1979 and the latest in 1992. Total species number increased at all sites except for the birch forest site where richness decreased. We found no general pattern in how composition of vascular plants has changed over time. Three species, Calamagrostis lapponica, Carex vaginata and Salix reticulata, showed an overall increase in cover/frequency, while two Equisetum taxa decreased. Instead, we showed that the magnitude and direction of changes in species richness and composition differ among sites.
INTRODUCTION
Plant physiology, biodiversity and distribution in the Arctic and sub-Arctic are constrained by a large number of abiotic factors like temperature, precipitation, snow depth, and length of growing season, as well as biotic factors such as herbivory and competition (e.g. Bliss et al. 1981; ACIA 2005) . Several of these factors have changed dramatically over the last century (e.g. Callaghan et al. 2011a; Olsen et al. 2011) and are forecasted to change even further in the future at a rate that is greater than in most other regions on Earth (ACIA 2005) . As a consequence, shifts in species distributions and plant community composition in Arctic and sub-Arctic regions are expected, and some changes have already been observed (e.g. ACIA 2005; Tape et al. 2006; Bhatt et al. 2010; Hedenås et al. 2011; Rundqvist et al. 2011; Callaghan et al. 2011a) .
The most pronounced vegetation shift supported both by warming experiments (Walker et al. 2006 ) and observations over the last few decades, is an increased cover, biomass and upward movement of deciduous trees and shrubs (Kullman 2002; Van Bogaert et al. 2010; Hallinger et al. 2010; Hedenås et al. 2011; Rundqvist et al. 2011) . Warming experiments also suggest that graminoids will generally increase in abundance (Walker et al. 2006) . Many clonal graminoids, and deciduous trees and shrubs may out-compete plants that respond less, or not at all to warming. Earlier studies indicate that low-altitude generalist species may increase in alpine regions while alpine/ Arctic species may decrease (Sundqvist et al. 2008; Kullman 2010; Sommer et al. 2010) . At particular risk are slowgrowing and long-lived specialised alpine/Arctic plants such as Saxifraga oppositifolia (Stenström et al. 1997) , some dwarf shrubs such as Cassiope tetragona (Havström et al. 1993; Molau 1997; ACIA 2005) , and mosses and lichens (Van Wijk et al. 2003; Walker et al. 2006 ). The results from warming experiments indicate also that we might expect an overall decrease in local species richness following increased temperatures in the alpine/Arctic regions (Walker et al. 2006) . However, while warming experiments, observations and remote sensing have recorded increased plant growth in many areas, several studies have shown relative stability in other areas over recent decades (Prach et al. 2010; Callaghan et al. 2011b; Daniëls and de Molenaar 2011) .
Overall, however, unfortunately, there are relatively few long-term biologically focused environmental monitoring programmes in the Arctic (ACIA 2005) . Thus, Back to the Future Project (Callaghan et al. 2011c) , of which the present study is one part, was established during the International Polar Years (2007 and 2008) to further our understanding of recent decadal-time scale vegetation change by re-sampling and assessing change at sites where historic biotic and abiotic research had been conducted.
We conducted our study in the sub-Arctic near the Abisko Scientific Research Station in northern Sweden where there is a major boundary between Arctic and boreal vegetation. The climate record from the Abisko Station shows substantial change over the past century with mean annual temperature rising by 2.5°C between 1913 and 2006 . Snow-depth has increased by approximately 10 % per decade, between the 1930-1940s and 2000 (Kohler et al. 2006 ), but has decreased rapidly since then .
Extensive research has been conducted on the vegetation near Abisko since the first research station opened in 1908 (Andersson et al. 1996) . Some of these older studies have been used to determine changes in tree growth , tree and shrub expansion (Rundqvist et al. 2011 ) and changes in tree species composition and altitudinal range at the tree-line (Van Bogaert et al. 2010 , but in this study, we focus on the ground vegetation.
The aim of this study was to determine if vegetation near Abisko has changed in response to a period of rapid warming between 1970 and 2009. We examined differences in total species richness and species composition between plots established in sub-Arctic vegetation types that were sampled at the beginning of this period and again in 2008 and 2009. We assessed in particular whether there has been a shift in the proportion of various plant life-forms and of low altitude species compared to alpine/Arctic species. We also compared over time the abundance of the most common (i.e. occurs in at least five of the seven datasets) plant species found in these plots.
MATERIALS AND METHODS

Selection of Study Sites
The two most important criteria used to determine sites for re-sampling were (1) that species level percentage cover or frequency data were recorded, and (2) that it was possible to find either the exact location of the plots or establish new plots close to the old ones in the same type of vegetation as in the initial sampling. In total we re-sampled seven datasets, at seven sites ( Fig. 1) , from five former studies. One study was initiated in the late 1970s (one dataset) and three others began during the 1980s (five datasets), while one was initiated in the early 1990s (one dataset). The sites associated with these studies and the respective details of their establishment and re-sampling are outlined below. Their locations are depicted in Fig. 1 and they are illustrated in Fig. 2 .
Study 1
Headley (1986) established a total of ten, 5 9 5 m plots (''AH'') on Mt. Slåttatjåkka and Mt. Njulla (coordinates N 68°21 0 24 00 -89 00 , E 18°40 0 30 00 -43 0 34 00 ; altitude from 920 to 1170 m a.s.l.) in 1984 in order to study the ecology of Lycopodium sensu lato. The plots could not be accurately relocated in 2009, so ten new plots were chosen in the same area and plant community described in Appendix 1 by Headley (1986) . In each plot, a regular spaced grid of 0.5 9 0.5 m cells was lain down over the area and ten, 0.5 9 0.5 m sub-plots were chosen within this space using random number tables. A map was used to record aspect and GPS to record site altitude (Supplementary Table S1 ). The final decision regarding the new location of the plots was based on the occurrence of Lycopodium spp. and how this resembled notes in Table 2 .3 of Headley (1986) . Within each plot, the presence of each vascular plant species was noted following Headley (1986) .
Study 2
Carlsson and Callaghan (1991) established 20, permanently marked plots (0.25 9 0.25 m) at a 20 9 20 m fellfield site (''BC'') on a south-west facing slope at the summit of Slåttatjåkka (coordinates N 68°21 0 35 00 , E 18°40 0 340 00 ; altitude about 1160 m a.s.l.) in 1984, in order to study the population dynamics of Carex bigelowii. The old vegetation data were recorded in 1986. Nine of the plots were resampled in 2009 following the procedure described by Carlsson and Callaghan (1991) . Thus the presence/absence data for each vascular plant species were noted in 144 0.02 9 0.02 m quadrats in each of the nine plots. 
Study 4
The Swedish Environmental Protection Agency established three, permanently marked 40 9 40 m plots in the Abisko area as part of a larger environmental monitoring programme (Program för övervakning av miljökvalitet, PMK; Bernes 1980; PMK 2008) . These three sites are detailed below. In all PMK sub-plots, the percentage cover for each plant species was estimated, following the same procedure used by the Swedish Environmental Monitoring Programme (Bernes 1980; PMK 2008) . 
Study 5
In 1977 -1979 , Emanuelsson (1984 initiated a study to assess the trampling impact of hikers on mountain vegetation. Ten circular sectors (''UE'') were established in Kärkevagge, above the tree-line in different types of mountain vegetation. Each circular sector consists of one central trampled zone with two reference non-trampled The ''BC'' study was situated at a fellfield site at the summit of Slåttatjåkka. The ''BS''-study was situated in a dry sub-alpine heath area. The ''PMK''-study consisted of three sites (i.e. three datasets): (i) low-herb meadow at Påtjujaure, (ii) Ridonjira mountain birch forest, and (iii) a mountain heath at Mt. Slåttatjåkka. The ''UE''-study was situated in three sites at Kärkevagge, one in dry Empetrum heath vegetation, one in alpine low-herb meadow vegetation and one in Dryas heath. ÓLantmäteriet, ärende nr i2012/107 Fig. 2 Photographs of the sites. a ''AH'' plot no. 5 located in a dry mountain heath at M. Slåttatjåkka. b The ''BC'' fellfield site at the summit of Slåttatjåkka: the small picture shows plot no. 3. c B.M. Svenson at the ''BS'' site situated in a dry sub-alpine heath area. d The low-herb meadow at Påtjujaure, e Mountain birch forest with the arrow pointing at the Ridonjira site, and f the mountain heath at Mt. Slåttatjåkka included in the ''PMK''-study. g One of the low-herb meadow plots included in the ''UE''-study. Photographs a, b and d-g were taken by H. Hedenås and photograph c was taken by B.Å . Carlsson c zones on each side (see Supplementary Information, Figure  S1 ). . Transects (0.1 9 5 m) were placed in the non-trampled zones and the presence of species was noted at every 0.2 m while cover was estimated every 0.6 m following Emanuelsson (1984) . Thus the presence/absence was, in total, noted in fifty 0.1 9 0.1 m sub-plots and cover estimated in a total of eighteen 0.1 9 0.1 m sub-plots, within each circular sector.
Taxonomy and Classification
The taxonomy follows DYNTAXA (2011). We have merged some taxa due to uncertainties in identifications, e.g. in the study ''UE'' the three Pyrola species were merged to ''Pyrola spp.'' prior to analysis (Supplementary Information, Tables  S2-S8) . We also classified the species into plant geographical classes, AA: alpine/Arctic, B: boreal, N: north (northern species, but not boreal or alpine/Arctic) and O: other (cultural, south or southeast origin), based on distribution and origin sensu Hultén (1950) . The latter three classes are together called low-altitude species. Further, we classified the species into plant life-forms, G: graminoids, F: forbs, VC: vascular cryptogams, DS: deciduous shrubs, WGS: winter-green shrubs and DT: deciduous trees (Supplementary Information, Tables S2-S8).
Data Analysis
We performed both first-and second-order jackknife analyses, using PC-ORD 4.20 (McCune and Mefford 1999; Walther and Moore 2005) , in order to estimate the total species number initially and the present total species number for each study, separately. The number of replicates differed between studies (i.e. sub-plots/plots). For each dataset, we conducted t tests for all species comparing mean differences in frequency or cover between the initial study and the resampling. We applied paired t tests on ''AH'' ''BC'' and ''BS'' datasets and the three ''PMK'' datasets, and student t tests on ''UE'' datasets where the relocated plots could not be established to match the original numbers in the ''UE'' study.
The tests were applied in order to assess whether the total number of species, proportion of alpine/Arctic, proportion of low-altitude species, proportion of plant life forms differed overall between the initial and repeated sampling. We also applied Pearson correlation tests to assess whether the difference in species number between the initial and repeated sampling correlated with years between the initial and repeated sampling, and species richness, i.e. both the initial and the present observed number of species. Frequency data were arcsine-transformed and cover data were log-transformed prior to analysis to meet the needs of normality required for the majority of these tests.
Meta-analyses were performed for each of the 17 species that occurred in five or more of the seven datasets. For each dataset, effect size ''d'' and Hedges ''g'' (Cooper et al. 2009 ) based on mean difference of species frequency or cover between the initial and repeated sampling were calculated using the statistical package R 2.11.1 and ''MAd version 0.8''. Secondly, we calculated a weighted average effect size of Hedges ''g'' and lower and upper confidence interval (sensu Cooper et al. 2009 ). We also performed meta-analyses to assess whether the frequency/cover of plant life-forms differed overall between the initial and repeated sampling. We included only datasets where the plant life forms were represented with at least three species. In each dataset and for each year, we summarised the frequency or cover of the species that was classified as a certain plant life-form. We thereafter calculated weighted average effect size of Hedges ''g'' and lower and upper confidence intervals as above.
We performed nonparametric Multi-response Permutation Procedures (MRPP) using PC-ORD 4.20 (McCune and Mefford 1999) in order to test whether the species composition differed between years for each dataset separately. We elected to use Sørensens distance measure and used natural weighting (McCune and Grace 2002). T, test statistic, describes the magnitude of separation in species composition between years. The more negative T is, the larger the difference between years. A, i.e. within-group agreement or ''effect size'', equals 1 if the species composition in all plots within years is identical, 0 if the species composition equals expectation by chance, and \0 if the species composition within plots differs more than expected by chance. Observed d, i.e. the observed weighted mean within-group distance, equals 0 if the species composition in all plots within years was identical (McCune and Grace 2002).
Pearson correlation tests were applied to assess whether the Ts and As and observed ds obtained from the MRPPtests correlated with years between initial and repeated sampling, species richness, i.e. both initial and present observed number of species, first-and second-order jackknife estimates, and the calculated difference in species richness between years. We also assessed whether Ts and As and observed ds were correlated with altitude for five of the datasets (BC, BS, Påtjujaure, Ridonjira and Slåttatjåkka).
RESULTS
Species Richness, Cover and Frequencies
Total species number did not differ generally between the initial and repeated sampling (t 6 = 1.868, p = 0.111). Total species numbers were, however, higher in six of the studies in 2008 and 2009 compared to the same studies sampled decades earlier (jackknife estimates; Table 1 ). The only exception was the Ridonjira study where species richness was higher in 1983 than in 2008 (Table 1) . Further, neither proportion of alpine/Arctic species, nor proportion of lowaltitude species differed significantly between the initial and repeated sampling (t 6 = -0.490, p = 0.641 and t 6 = -0.420, p = 0.689, respectively). Moreover, neither proportion of graminoids, forbs, deciduous shrubs, wintergreen shrubs nor vascular cryptogams species differed significantly between the initial and repeated sampling (t 6 = -0.395, p = 0.707; t 6 = 0.312, p = 0.766, t 6 = 0.328, p = 0.754, t 6 = 0.665, p = 0.531 and t 6 = -0.236, p = 0.821, respectively). The difference in total species number between initial sampling and repeated sampling did not correlate with either initial number of species (r = 0.239, p = 0.605), the current number of species (r = 0.684, p = 0.090), or years between sampling time (r = 0.439, p = 0.324; Pearson correlation analyses).
Relatively few species changed significantly in cover or frequency based on analysis of each species and study separately (Table 1; see Supplementary Information,  Tables S2-S8 for details regarding species turnover and results of t tests for each species for each dataset). Three of the 17 species included in the meta-analysis, Calamagrostis lapponica, Carex vaginata and Salix reticulata, increased significantly while two taxa decreased significantly, i.e. Equisetum arvense and the joint taxon E. scirpoides and E. variegatum, between the initial and repeated sampling (Table 2) . We revealed that none of the five plant life-forms, included in the meta-analysis, differed significantly in frequency/cover between the initial and repeated sampling (Table S9) .
Species Composition
Species composition differed between years in three of the seven datasets, namely AH, PMK Påtjujaure and PMK Ridonjira (Table 3; MRPP-tests; Supplementary Information  Table S10 ). T, i.e. magnitude of separation in species composition between years, and A, i.e. homogeneity within groups, did not correlate significantly with either years between initial and repeated sampling, species richness or differences in species richness. Observed d correlated significantly with both first-and second-order jackknife estimates of total species richness in the new datasets (r = 0.792, p = 0.034 and r = 0.810, p = 0.027, respectively) and nearly significantly with total species richness recorded at the initial sampling (r = 0.695, p = 0.083), total species richness recorded at the re-sampling (r = 0.752, p = 0.051), and first-and second-order jackknife estimates of total species richness in the new datasets (r = 0.732, p = 0.062 and r = 0.704, p = 0.077, respectively).
DISCUSSION
We revealed that the magnitude and direction of changes in species composition and change in species richness differs among sites. We found that the total species number was higher today than earlier at all open and exposed sites whether or not they were located above or below the tree line, while the only site located in the birch forest demonstrated a decrease in species richness. Although we cannot generalise from one forest site, we are not surprised to reveal decreased species richness at the forest site since the tree and shrub cover have increased considerably over the last three decades, changing light regimes and competition which may affect the composition and richness of the ground-vegetation (e.g. Callaghan et al. 2002; Wielgolaski 2005; Walker et al. 2006; Hedenås et al. 2011) .
Our result was in contradiction to conclusions from warming experiments, which suggest that we could expect decreased species richness with increasing temperatures (e.g. Walker et al. 2006) . Results from earlier surveys in alpine and Arctic areas are, however, not consistent. There are studies conducted in alpine areas that report increased species richness (Grabherr et al. 1994; Klanderud and Birks 2003 ; see references in Kullman 2010), while others report decreased richness (Moen and Lagerström 2008; Wilson and Nilsson 2009) . Some studies on relatively species-poor communities in the Arctic also found little change in species richness (Prach et al. 2010; Callaghan et al. 2011b; Daniëls and de Molenaar 2011) . Virtanen et al. (2010) report a more complex pattern with an increase of species in species-poor communities, while species richness remains ''relatively constant'' in species-rich communities. In contrast, we did not see any correlation between change in species number and either initial species richness or present species richness.
Species composition changed significantly between the initial and repeated sampling at three of the seven sites. However, the result was inconsistent and we found no relationship between magnitude in discrepancy in species composition and either initial species richness or years between initial and repeated sampling. Several of the species that were lost or gained over the years were relatively rare and occurred with low cover/frequencies. Due to their low abundances they will reach statistical significance in t tests, but only have minor influences on the outcome of NMSordinations and Multi-response Permutation Procedures.
Our study indicates that low-altitude species have not increased in the area overall, since the proportion of alpine/ Arctic species in 2008-2009 was more or less the same as in the initial samplings. Thus, our result contradicts some earlier studies and predictions that amelioration of climatic conditions may lead to low-altitude species colonising higher altitude sites (Sundqvist et al. 2008; Kullman 2010; Sommer et al. 2010) , even though our observations span 16-31 years. However, our results agree with other studies which found no increase of lowaltitude species (e.g. Wilson and Nilsson 2009) .
Overall, we found no general change in cover/frequency of different plant life-forms. Instead, we revealed that the change was highly species-specific. Two graminoid species, Calamagrostis lapponica and Carex vaginata and a small mat-forming willow, Salix reticulata, increased significantly in cover/frequency, while two fern allies' taxa decreased, Equisetum arvense and the joint taxon E. scirpoides and E. variegatum. The increase in graminoid species cover/ frequency was maybe not surprising as warming experiments have shown that several graminoid species are likely to increase in biomass with increasing temperatures (Walker et al. 2006) . For example, Calamagrostis lapponica tends to respond to experimentally increased temperatures and/or fertilisation with increased shoot length and biomass (Parsons et al. 1995) . It has also been shown that Carex vaginata increases with increasing temperature and nutrient availability, but may decrease due to inter-specific competition (Klanderud 2004) . It was somewhat surprising that Salix reticulata was the only shrub that significantly increased overall, since other surveys have shown an extensive increase of shrubs (e.g. Tape et al. 2006; Hallinger et al. 2010; Hedenås et al. 2011; Rundqvist et al. 2011; Myers-Smith et al. 2011) . The decrease of the two Equisetum taxa may be related to a change in snow cover, e.g. decreased thickness and related soil moisture, during the last decade , since an earlier study in Canada has shown that Equisetum spp. abundance decreased with decreased snow depth in the Arctic (Schaeffer and Messier 1995) . 1984 2008 1986 2009 1992 2009 1983 2008 1983 2008 1989 2008 1977-1979 We found that despite relatively large changes in species composition and species richness at individual sites, the overall changes were relatively moderate. The ecosystems are likely to have high inertia as the open vegetation is dominated by slow-growing clonal species that buffer change (Callaghan et al. 2002; Kullman 2010) . However, assuming a lack of change might be too early. We could expect future large-scale sudden shifts in species composition initiated by an outbreak of pathogens (Olofsson et al. 2011) , changed herbivory pressure (Tenow et al. 2001; van der Wal 2006; Olofsson et al. 2009 ), extreme weather conditions such as winter warming (Bokhorst et al. 2009) or competitive displacement by invasive species (Eckstein et al. 2011) . The responses of vegetation to such events and disturbance may normally be reversible (van der Wal 2006), but human-induced changes in climate or management may reduce ecosystem resilience and its ability to recover to its former state (ACIA 2005; van der Wal 2006) . Table S9 (Supplementary Information) 
